A preparation of two commercial enzymes was used to liberate protoplasts from 16-h-old mycelium of Phanerochaete chrysosporium. Regeneration frequencies of up to 5% were attained when the protoplasts were plated in a medium containing 10% sorbose and 3% agar. Fusion of protoplasts from different auxotrophic strains in polyethylene glycol-Ca2+ produced heterokaryons. Separation of the heterokaryons into their constituent homokaryotic strains could be effected through protoplast release and formation of colonies on regeneration agar.
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The basidiomycete Phanerochaete c hrysosporium and other white rot fungi have potential application in a variety of schemes for the commercial processing of lignocellulose. These organisms have already been used in numerous studies on lignin degradation (3), cellulose degradation (4), and lignocellulose bioprocessing applications (12) . Their potential would be enhanced, however, if genetic methods for producing strains with superior capacities were available. In other studies, we described methods for inducing colonial growth and for replica plating with this organism (6); we also elucidated the physiological conditions required for fruit body formation (7) . In a subsequent report, we described methods for mutagenesis of P. chrysosporium conidia and subsequent isolation and characterization of a variety of auxotrophic marker strains (8) . We have also reported on the isolation and characterization of a secondary metabolic mutant of this organism (9) .
Recently, considerable interest has been focused on the isolation of fungal protoplasts and their use in fusion and transformation experiments (2, 11, 13, 14) . In this report, we describe methods for the preparation of P. chrysosporiurn protoplasts and for the regeneration of mycelia from these protoplasts. In addition, we describe studies on the complementation of auxotrophic mutants through protoplast fusion and the use of protoplasts for recovery of homokaryotic parental strains from heterokaryons. (17) supplemented with 3% malt extract and 0.25% yeast extract. Mutant strains were maintained on the above medium supplemented with 0.5% casein hydrolyzate and yeast extract. After 7 to 10 days of growth, conidia were washed from slants, filtered, counted, and diluted as previously described (6) .
MATERIALS AND METHODS
Cells were grown in Erlenmeyer flasks (250 ml) containing 100 ml of medium on a New Brunswick shaker rotating at a speed of 150 rpm. Flasks were inoculated with 1.0 Formation of protoplasts. Mycelia were harvested by suction filtration, with care taken to prevent the mycelium from drying extensively, and washed with 0.6 M MgSO4. Cells (0.1 to 1.0 g) in 1 ml of 0.6 M MgSO4 were treated with Novozyme 234 (0.1 g/g of cells) and Cellulase CP (0.1 g/g of cells) at 38°C with shaking for 3 h. Remaining fragments were removed by filtration (coarse fritted glass funnel), and the protoplasts were sedimented by centrifugation at 4,000 rpm for 10 min and resuspended in 0.6 M MgSO4 or as indicated. The number of protoplasts in suspension was determined with a hemacytometer.
Fusion of protoplasts. Protoplasts from two auxotrophic mutants were separately sedimented by centrifugation, washed with 2 ml of 0.6 M MgSO4, and incubated at room temperature for 1 h. The suspensions were then mixed and sedimented together by centrifugation. The protoplasts were resuspended in 1 ml of 30% polyethylene glycol (prewarmed to 38°C)-10 mM CaCl2-0.05 M glycine (pH 7.5) and incubated for 15 min at 38°C. Magnesium sulfate (0.6 M; 0.5 ml) was then added, and the protoplasts were resedimented by centrifugation and resuspended in 0.6 M MgSO4. 
DISCUSSION
In a previous report (8), we described the isolation and complementation of auxotrophic mutants of the lignin-degrading fungus P. chrysosporium. Here we have described studies on the formation, fusion, and regeneration of P. chrysosporium protoplasts. The commercially prepared enzymes Novozyme 234 and Cellulase CP have been used previously to effect protoplast release from a variety of fungal species (10). Our results extend the use of these enzymes to experiments with P. chrysosporium. Although pretreatment of Saccharomyces cerevisiae with thiols was required for efficient protoplast release (1, 15) The regeneration frequency of mycelia from protoplasts of the different strains varied from approximately 1 to 5% under the conditions described. If the regeneration medium contained only 1% agar, significantly less regeneration was observed. Plating the protoplasts on the surface of the agar reduced the regeneration frequency. The relatively high regeneration frequency with the auxotrophic mutants indicates that this step should not be an impediment to successful experiments with complementation via DNA transformation (2, 11) with this organism.
The results reported here indicate that protoplast fusion is a viable alternative to mycelial fusion (8) for the formation of P. chrysosporium heterokaryons. The use of nutritional markers facilitates heterokaryon formation and complementation with mycelium from P. chrysosporium (8) and other basidiomycetes (5, 16) . However, when other markers such as developmental, secondary metabolic, or pigment mutants are involved, selection pressure for heterokaryon formation would not be present. In such cases, heterokaryon formation via protoplast fusion may be the method of choice.
The results in Table 2 indicate that homokaryotization through protoplast formation is readily attainable. These results also indicate that the original mycelium was heterokaryotic rather than diploid (8) . Under the conditions used, more than 30% of the protoplasts formed from heterokaryons were monokaryotic. When protoplasts from the His2 + Lysl heterokaryon were plated on regeneration medium containing histidine, approximately 39% of the resulting colonies were His-. Protoplasts from the same heterokaryon gave 69% Lys-colonies when plated on medium containing lysine. This difference may reflect either the percentage of His-and Lys-nuclei in the original heterokaryon or a difference in the stability of protoplasts of different phenotypes. Homokaryons can also be obtained through the use of conidial preparations, as previously reported (8) . Experiments using P. chrysosporium protoplasts for genetic transformation, the isolation of fungal DNA, and the possible isolation of active membrane fractions or organelles from lignino- 
